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Introduction 1 
1 Introduction 
1.1 About (mis)perception 
Who has not experienced a moment when listening to a song, one stops abrupt-
ly and wonders “did he really just sing this”? Maybe it was Michael Jackson and 
you just heard him singing in German? Maybe your brain tricked you about 
hearing German? Maybe you even realize it is unlikely that the US popstar is 
singing in German. You might even be aware that this could be a mere “produc-
tion” of your brain. The perception that arrived in your consciousness (Jackson 
singing in an unlikely language) is a product of processing. The reason for this 
experience is the brain’s attempt to put everything into understandable boxes 
and its attempt to find similarities or other laws to simplify the sensory impres-
sion. As early as 1890 the philosopher Christian v. Ehrenfels wrote his essay 
“Ueber ‘Gestaltqualitäten’” where he proposed that perception includes qualities 
which are not only transported by the mere arrangement of sensory impres-
sions. These qualitative perceptions he termed a quality of Gestalt (German 
“Gestalt” means shape or form). A melody would be such a quality of Gestalt, 
because the tones could be replaced by other tones – the essential quality is 
the relation between the tones. He raised the question whether perception – 
through understanding of a melody – would present more than the individual 
single tones (v. Ehrenfels, 1890). Ehrenfels was the pioneer of the philosophy of 
mind of “Gestalt psychology”. In 1923, Max 
Wertheimer – together with Koffka and Köhler, the founders of the Berlin school 
of Gestalt psychology – formulated essential factors of how we create correlat-
ed and meaningful perceptions in constellations (Wertheimer, 1923). He called 
them Gestalt “factors”, but they were later often referred to as Gestalt laws, or 
laws of perceptual organization. The fundamental Gestalt law is the law of 
Prägnanz (German “Prägnanz”: “pithiness”) which states that the different ele-
ments of any given array are simply arranged in a stable and coherent form 
(Sternberg & Sternberg, 2011). Marini and Marzi (2016) explain, “the human 
brain makes sense of the multitude of sensory stimuli in the environment by 
grouping them into meaningful representations such as forms or objects”. These 
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laws of perceptual organization describe the functional relations in the emer-
gence of Gestalt (Wagemans et al., 2012). Examples include the human ten-
dency to group things close to each other (law of proximity), group similar things 
(law of similarity) or highlight some things and put others in the background (fig-
ure-ground-perception) (Sternberg, 2012). The emerged structures, the “Gestal-
ten” (German plural of Gestalt), are different than just the sum of their parts, or 
in Koffka’s words (1935): “the whole is something else than the sum of its 
parts”. Wagemans et al. (2012) conclude that the Gestalten “arise from continu-
ous global processes in the brain, rather than combinations of elementary exci-
tations”. Although the Gestalt psychology is often criticized for its lack of “quanti-
tative measurements and precise mathematical models“ (Jäkel et al., 2016) and 
for being more descriptive than explicative (Friedenberg and Silverman, 2006), 
more than one century after v. Ehrenfels, Gestalt and its related theories do still 
inspire research (Wagemans et al., 2012). It is the subjective nature of phe-
nomenal awareness seen in e.g. perceptual switching or perceptive illusions 
which has been described in Gestalt theories (Wagemans et al., 2012). And it is 
these perceptual illusions that were used in the below described research stud-
ies for revealing deeper understanding about the human brain. Today, more 
tools are available than were to the Gestaltists (Wagemans et al., 2012), includ-
ing, for example, functional magnetic resonance imaging (fMRI) and positron 
emission tomography (PET) which offer high spatial resolution, or electroen-
cephalogram (EEG) and magnetoencephalography (MEG), which provide high 
temporal resolution (Gosseries et al., 2008). 
1.2 How perception is altered 
Many different models exist for explaining and investigating the process be-
tween the actual physical stimulus and what ends up as perceived “reality” in 
our consciousness. It is well established knowledge that the perception of 
stimulus is filtered and altered; i.e., it is processed. A rather old example of such 
an alteration in perception is the placebo effect which was already described by 
Plato (4th century BC). He stated that words have the ability to heal patients. 
Nowadays, the placebo effect refers to “any medical treatment surrounded by a 
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psychosocial context that affects the therapeutic outcome“ (Benedetti et al. 
2005). With the placebo effect, perception is positively altered in favor of an ex-
pectation. Plato referred to the spoken word that would cure, but effects of ex-
pectation on perception can be seen for all different kinds of sensory modalities, 
and are of course not only valid for the Placebo effect. 
In the field of speech perception and how perception is altered by expectation, 
there is the example of the McGurk illusion. According to McGurk and MacDon-
ald (1976), the matching of one sound (“ba”) with the visual lip movements of 
another sound (“ga”) gives the perception of a third sound (“da”). This demon-
strates that speech perception is not a purely auditory process. Through audio-
visual integration something completely new – here the sound “da” – can be 
perceived. Concerning alteration in vision, Ethofer et al. (2006) demonstrated 
how speech melody changes our judgment of emotional faces. A fearful or even 
neutral facial expression is perceived as more fearful when it is accompanied by 
a fearful voice. Expectations can also alter how intensely we perceive taste. 
Woods et al. (2011) showed that the expectation of a very sweet drink made it 
more likely a drink would be reported as sweet compared to the same drink 
without that sweet expectation. When it comes to the more bitter than sweet 
expectation of pain, Atlas et al. (2010) showed that expectation has an impact 
on pain perception. The participants of that study were told that two different 
tones (high and low) indicated whether they were to receive high or low intensity 
painful heat stimulation at their forearms. These so-called predictive cues had 
an impact on how strongly the participants perceived the pain. Heat was per-
ceived as more painful when it was expected to be painful. Melloni et al. (2011) 
showed that expectation can not only alter perception, but even accelerate it. 
They measured event-related potentials correlated with when the participants 
“deciphered” an object (letters, numbers or symbols) as visible and showed that 
expectations sink the threshold of perception (Melloni et al., 2011). Similarly, 
Pinto et al. (2015) demonstrated that clear-cut preceding expectations can push 
access of visual stimuli to consciousness. 
Another factor known to alter perception is knowledge. An easy way to show the 
influence of knowledge on perception is to observe the images below (see fig-
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ure 1). Dolan et al. (1997) impoverished a picture (object or face), making re-
cognition extremely difficult. However, after acquaintance with the original pic-
ture, the viewer can easily decipher the impoverished picture and recognize it. 
Dolan et al. explored the neural underpinnings of this process called rapid per-
ceptual learning, a process which facilitates perception. 
 
Figure 1: Impoverished images of an object (top row) and a face (bottom row) with their corre-
sponding full grey scale versions to the right, adapted from Dolan et al. (1997). 
Different examples on what can alter perception were presented, such as 
knowledge or expectation. It should be noted that perception can also fail due to 
expectation. Beck et al. (2016) introduced the example of a bridegroom who 
misunderstood the song lyric “Gib mir die Hand, ich geb Dir die Meine” (give me 
your hand, and I'll give you mine) at his wedding ceremony. He repeatedly un-
derstood “Gib mir die Hand, ich geb Dir die Beine” (give me your hand, and I’ll 
give you my legs) and wondered about the meaning of this song within his wed-
ding. “Hand” and “leg” belong to the semantic cluster of body parts and thus, the 
bridegroom made a (wrong) prediction. His expectation altered his perception – 
and perception failed him. That humans generate predictions is fundamental to 
how sensory systems work. This concept is called predictive coding and this 
framework offers explanations for many perceptual phenomena (Vetter, 
Sanders and Muckli, 2014). The framework is based on von Helmholtz (1867) 
and his early ideas about visual perception. Helmholtz stated an involuntary and 
pre-rational mechanism is part of the formation of visual impression. He referred 
Introduction 5 
to that mechanism as unconscious inference (German: unbewusster Schluss) 
as it follows its own laws and wields an imperious power over the human mind. 
Our eyes see something and our brain comes to an (unconscious) conclusion. 
As an example, he used the optical illusion of the sun rotating around the world. 
Although we know better, we see every evening how the sun (seemingly) goes 
down over the fixed horizon. Over a century later, theoretical and computational 
studies (Friston, 2005; Rao and Ballard, 1999; Mumford, 1992) precipitated the 
framework of predictive coding. The brain is referred to as a statistical inference 
machine which deduces the probable causes of sensory input (Dayan et al., 
1994). Our brain deals with the overwhelming amount of sensory information in 
an efficient way: it makes continuous predictions, based on prior knowledge. 
The predicted sensory input gets matched with the actual observed input and 
possible mismatches are identified prediction errors. It is only those prediction 
errors which get further processed and constantly update further interpretation. 
Hence, it is only the discrepancy our brain has to take care of, all redundancies 
are removed (Rao & Ballard, 1999; Sohoglu and Davis, 2016). According to Pi-
card and Friston (2014) expectations are the primary content of our percepts 
and thus, they are just fantasies made by the brain to interpret our sensations. 
For this reason, they refer to the brain as a “fantastic” organ. 
1.3 Concurring perceptions and processing concepts 
A way to further investigate perception is using stimulus material which induces 
so called concurring perceptions. Well known and largely employed within the 
field of vision research are reversible figures, like Rubin’s face-vase illusion 
(Rubin, 1921), the Necker cube or the Schröder staircase. The previously out-
lined Gestalt laws and more precisely the law of figure-ground-perception de-
scribe that while looking at a stimulus pattern, some things get emphasized, 
while others become background. For this reason, some stimulus patterns offer 
two different ways of interpretation. See figure 2 for an example of Rubin’s face-
vase illusion where either two white faces or a black vase can be seen. See 
figure 3 for another illusion, the so-called duck-rabbit illusion, where either a 
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duck looking to the left or a rabbit looking to the right can be seen (the duck´s 
beak turns into the rabbit´s ears). 
 
Figure 2: An example of Rubin’s face-vase illusion, modified from Kogo et al. (2015). 
 
Figure 3: One of the earliest known duck-rabbit illusions from A. Hengeler published in 
Fliegende Blätter (1892). Adapted from the digital “Heidelberger historische Bestän-
de” from the university library of Heidelberg. 
What is the advantage of using these concurring perceptions in research? 
Though the physical stimulus itself stays untouched, different percepts reach 
consciousness. Thus, research can fully concentrate on what is happening in 
the brain. Despite the long popularity of these reversible figures, there is no 
consensus of how exactly the multistable perceptual nature of these figures 
might be explained. Long, Toppino and Mondin (1992) wrote about a “myriad” of 
empirical effects in the reversible-figure literature. Generally, two basic models 
are proposed (eg Long et al. 1992; Strüber & Stadler 1999): first, the passive 
and stimulus driven “bottom-up” manner due to neural fatigue and recovery 
within cortical structures (eg Köhler 1940; Nawrot & Blake 1989; von Grünau, 
Wiggin & Reed 1984). Second, active cognitive processes (“top-down”) which 
are supposed to be conceptually driven and reflect analogue learning and 
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problem solving (eg Girgus, Rock & Egatz 1977; Rock, Hall & Davis 1994). 
Toppino and Long (2005) put it the following way: “the brain finds successively 
alternative solutions to the puzzle which is created by a reversible figure”. 
Interestingly, systematic comparison on top-down influences to different 
categories of reversible figures showed more effective control of the 
reversability for content related figures (here: duck/rabbit) than perspective 
related (here: Schröder staircase) (Strüber & Stadler 1999). Besides studies 
supporting one of these two separate models, there are studies proposing a 
two-process model which is stimulus driven as much as conceptually driven 
(Long, Toppino, & Mondin 1992), and even a hybrid theoretical framework in 
which both types of processes contribute to figure reversal (Toppino & Long 
2005). Investigating brain areas involved in bottom-up versus top-down 
processes, Zekveld et al. (2006) showed distinct roles for frontal and temporal 
regions. In his study examining impact of noise on speech intelligibilitiy, 
temporal regions underlie bottom-up processes and frontal areas more 
subserve top-down mechanisms. 
1.4 Mondegreens and Soramimi as auditory concurring 
perceptions 
Concerning speech content and its ambiguous perception, stimuli which can be 
perceived inaccurately are called “slips of the ear” (Bond, 2005). In the process 
of decoding speech content “listeners report hearing, as clearly and distinctly as 
any correctly perceived stretch of speech, something that does not correspond 
to the speakers' utterance” (Bond, 1999). 
Slips of the ear representing misheard song lyrics or other popular collections 
(Bond, 2005) are known as “Mondegreens”. This term was coined by Sylvia 
Wright who misunderstood the last line of the Scottish folk ballad “The Bonny 
Earl O’Morray” (Wright 1945). Wright perceived “They have slain Earl 
O’Morray/and Lady Mondegreen” instead of “They have slain Earl O’Morray/and 
laid him on the green”. Mondegreens are constrained to the original language: 
in the just mentioned example, it was an English native speaker who perceived 
an English statement out of an English lyric. 
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Mishearings can also lead to homophonic/near homophonic translations into 
other languages. Homophonic means “that a word is pronounced like another 
word but with a different meaning or spelling” (Hornby, 1995). Usually this 
happens from a foreign language into the native language of the receiver. 
These cross-language misunderstandings have a long tradition in Japan and 
are therefore called “Soramimi” or according to Otake (2007) “Soramimi awaa”, 
which refers to the Japanes word for “mishearing”, literally “empty ear”. In other 
languages other terms were created for this phenomenon, often based on a 
prototypical popular example. In German, Soramimi have been called “Agathe 
Bauer”: a German first and family name whereby “Bauer” means “farmer” and it 
can be heard instead of “I got the power” in a Snap song. Another popular 
example and also sometimes name giving to the phenomenon in German is the 
line “Oma fiel ins Klo” (German for “grandmother fell into the toilet”) instead of 
“all my feelings grow” in Chris Norman’s “Midnight lady”. Also known is the line 
“da geht der Gärtner” (German for “there walks the gardener”) instead of 
Michael Jacksons actually singing “Dirty Diana”. In Dutch, the phenomenon has 
been named “Mama Appelsap” meaning “Momma Applejuice” which can be 
heard in a passage of the Micheal Jackson song “Wanna be starting 
something”. 
Another, unique, opportunity for exploring hypotheses about how the human 
brain encodes language is bilingualism (Spivey & Marian 1999). As per Otake 
(2007), the basic mechanism of a Soramimi seems to be the same as when a 
bilingual activates a word: his native L1 lexicon is triggered by non-native L2 
auditory. L1 stands for the first language lexicon and L2 for the second 
language lexicon, as bilinguals are supposed to possess two lexicons instead of 
a monolingual’s one lexicon (Otake 2007). The term “mental lexicon” is a 
psycholinguistic concept. According to Marslen-Wilson (1994) a mental lexicon 
is a listener's mental representation of what words sound like and what they 
mean, and is at the heart of the spoken language comprehension process. The 
mental lexicon can be compared to the plan of the London Underground 
System: it’s an understandable, practical illustration of a network, which is in 
reality much more complex (Aitchison, 2012). 
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Interestingly, Mondegreens and Soramimi can be induced through expressly 
drawing attention to a potentially mispercievable passage of a lyric. For 
example, this can be done by help of subtitles offering alternative lyrics. These 
induced slips of the ear are often amusing for the listener, and due to their 
entertainment value were sometimes featured on radio broadcasts. See further 
examples on www.youtube.com under the search keyword “misheard lyrics”. 
Despite the popularity of Mondegreens and Soramimi – evidenced by their rep-
resentation in radio shows and on the internet – there exists no scientific re-
search to further investigate this phenomenon, and consequently their neuronal 
underpinning remains unexplored. This is especially remarkable as study partic-
ipants report that these alternative perceptions can be persistent over time and 
can even make it difficult to actually hear the original line of the lyric. This stabil-
ity makes it a useful tool to induce plasticity in the auditory system. An explana-
tion for this absence of research can be the problem of inducing this phenome-
non within the settings of a well-controlled experiment. Normally one encounters 
a misperception of a song in an unpredictable way. Additionally, there is an un-
known variability subject to both stimulus-bound and interindividual factors. 
Thus, the first step for this work was to establish a method to induce mispercep-
tions based on misheard lyrics. 
1.5 Top down and bottom up 
The primary strength of using ambiguous perception is that it elegantly enables 
investigation of processes like prior expectations or memory without changing 
any physical properties of the stimulus. In perception psychology terms, these 
are “top down” and “bottom up” approaches. The term of “bottom up” reflects 
the data driven properties of a stimulus. That could be for example, how loud 
the stimulus is, or whether words are sung or spoken. “Top down” reflects high-
er order cognitive processes such as intentions or expectations (Ethofer 2011). 
As we use Mondegreens and Soramimi as ambiguous material, the stimulus 
itself is not touched in its properties – all happens in the head of the participant 
and thus enables us to study top-down modulation of perception. 
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1.6 Methodology of MRI and fMRI 
Magnetic resonance imaging (MRI) is a non-invasive imaging technique used 
both in research and in clinical medicine. The principles of nuclear magnetic 
resonance were developed in the 1940s. It is based on the fact that all atomic 
nuclei act as a magnet and spin around their axes. If an object is put into an 
external magnetic field, all the atomic nuclei in the object align their spin axes 
according to the magnetic field. In a next step, a radio frequency (RF) signal is 
sent at the object perpendicular to the magnetic field. This causes the spin axes 
to tip away from the magnetic field in a unique angle according to the object and 
the RF. After its so-called “relaxation time”, the spin axis returns to its parallel 
alignment with the magnetic field. Relaxation has two components: the trans-
versal and the longitudinal relaxation. During the relaxation process, the nucle-
us sends out a radio signal which can be measured. The relaxation time differs 
between different tissues. In brain imaging hydrogen nuclei are used and they 
have different relaxation times in fat and water. Due to these unique radio 
transmissions, MRI images of the brain can be generated (Horowitz, 1995). 
The method of functional magnetic resonance imaging (fMRI) uses the principle 
of magnetic resonance for showing activation in the brain. It works with the ob-
servation that the activity of neurons uses energy and is in consequence, fol-
lowed by a local increase in blood flow for refilling the energy depots. The 
measurement of local changes in blood flow offers a sensitive index of local 
changes in the activity of neurons (Frith & Dolan, 1997). For measuring blood 
flow hemoglobin’s oxygenation characteristics are utilized: hemoglobin is dia-
magnetic when oxygenated, and paramagnetic when deoxygenated (Pauling 
and Coryell, 1936). In other words, paramagnetic deoxyhemoglobin in venous 
blood is used as an intrinsic contrast agent in MRI. Ogawa et al. (1990) accen-
tuated this effect and discovered the so called blood oxygenation level-
dependent (BOLD) contrast leading to functional MRI methodologies measuring 
regional neural activity. 
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1.7 Research questions 
1.7.1 Creating a method to induce concurring auditory perceptions 
For the purpose of inducing misperceptions based on misheard lyrics, we de-
signed a behavioral study and used short cutouts of songs with the potential for 
being misperceived. We employed 41 English and 20 German songs which 
were previously used in radio broadcasts. In this behavioral study we called the 
attention to passages within the lyrics by using subtitles offering “alternative” 
lyrics. Our design addressed four aspects of misperceptions in songs: the par-
ticipants’ familiarity with the lyrics, whether they already knew the slip of the ear 
beforehand, how they rated the wittiness of a misperception, and the partici-
pant’s language competences. We used a bilateral hypothesis for the influence 
of familiarity, as we had no a priori hypothesis whether familiarity would consti-
tute a protective or susceptible factor for misperceptions. It is often reported that 
these misperceived lyrics are stable over time, so we hypothesized stronger 
effects if the participant was already familiar with the alternative lyrics before-
hand. Concerning the wittiness of the alternate lyrics, we expected a positive 
correlation between the strength of the misperception and its rated wittiness: 
this expectation was based on the fact that emotional arousal strongly influ-
ences the encoding of new information (Cahill & McGaugh 1995) and thus, we 
expected that the joy brought by Mondegreens and Soramimi would enhance 
the encoding of the alternative lyrics. The last scientific question of our behav-
ioral study was the influence of verbal fluency and linguistic competence. On 
the one hand, we hypothesized a positive association between high verbal flu-
ency in the native language (German) and a raised occurrence of within-
language misperceptions: we expected that the participants would use their 
wide vocabulary to compensate for ambiguous perceptions which might occur 
due to, for example, incorrect pronunciation of the singers. In other words, we 
expected that a high fluency in German would make it easier to misperceive. On 
the other hand, for across-language misperceptions, we assumed that a high 
foreign language competence in English would correlate with less across-
language misperceptions. Thus, we hypothesized that the unknown foreign 
words were substituted by known words out of the mental lexicon of the native 
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language. In other words, we expected a high English level to protect the partic-
ipants from perceiving German words when listening to English songs. 
The behavioral study is described in detail in the publication which forms the 
first part of the results of this thesis. This study also empowered us to do a bal-
anced selection of the stimulus material then used for the next step, a functional 
magnetic resonance (fMRI) study. 
1.7.2 Investigating neurobiology of knowledge and misperception of 
lyrics 
The study consisted of two fMRI experiments and a behavioral experiment. 
FMRI experiment 1 set out to explore the neural correlates connected to 
knowledge of lyrics and fMRI experiment 2, the brain areas involved in misper-
ceptions. 
In fMRI experiment 1, during scanning, the trial participants had to rate how fa-
miliar they are with the lyrics of the song cutouts. We expected that assessing 
familiarity with lyrics would obviously engage processes as word retrieval and 
speech comprehension. Thus, we hypothesized activation in left-lateralized re-
gions related to the speech processing network (Hickok and Poeppel, 2000; for 
a vast review on heard speech and fMRI see Price, 2012). Janata (2009) as-
sumes that music and memories are associated with the medial prefrontal cor-
tex (MPFC). His neuroimaging study using familiar and unfamiliar song excerpts 
showed activation in foci including the inferior frontal gyrus, the posterior supe-
rior temporal gyrus (STG) and the MPFC. 
Before the participants went back in the scanner for fMRI experiment 2, they 
completed two runs (as behavioral experiments), where they listened to the 
whole set of cutouts subtitled with alternative lyrics. The intent was to train the 
participants, so that we could later induce misperceptions systematically during 
the subsequent scanning run. Furthermore, we could collect behavioral data 
about knowledge and wittiness of the stimuli. In all experiments, nota bene, the 
auditory input stays identical, as ambiguous stimulus material is used. 
We put our expectations for the fMRI experiment 2 in line with the existing neu-
roimaging literature on ambiguous auditory stimuli. As previously described, the 
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approach with ambiguous material competing for “perceptual dominance” 
(Andrews 2002) has been mainly used within the visual area. Andrews et al. 
(2002) employed visual illusions such as Rubin’s face-vase-illusion and sug-
gested that activity in the fusiform gyrus “face area” stands for the perceived 
rather than barely the retinal stimulus and that the MR activity on a trial-to-trial 
basis was even statistically predictive of the subjects’ responses (face or vase). 
Auditory perception is capable of being tricked as well; one illustration is the 
octave illusion, which uses simple tone stimuli (Deutsch, 1974). Two tones 
which are an octave apart are played in alternation to both ears simultaneously. 
While the right ear gets the high tone, the left ear gets the low tone and then 
vice versa. This causes according to Deutsch (1974) various illusory percepts 
whereby participants most commonly hear a single tone which alternates by an 
octave as it alternates between the ears. In combination with neuroimaging, 
such simple tone stimuli were used by Brancucci et al. (2011). Their results in-
dicate a bilateral involvement of auditory and frontal cortices in association with 
these illusionary percepts. More complex stimuli material includes the “speech 
to song transformation” (Deutsch, Henthorn & Lapidis 2011) where a spoken 
phrase sounds rather like song through repetition. This kind of stimuli material 
showed differential brain activation in bilateral auditory and inferior frontal corti-
ces during the “song versus speech auditory illusion” (Tierney et al., 2013). 
However, the study (although using the same phrase as stimuli material) is 
based on the differences of perception between spoken and sung words and 
thus can only provide indirect evidence. We tried to explore which areas of the 
ordinary network for speech perception miscarry during misperceptions trig-
gered by Mondegreens/Soramimi. Furthermore, we wanted to analyse whether 
these regions are subject to top-down modulation: our ambiguous auditory 
stimuli material makes us evaluate higher order cognitive processes as expec-
tations without changing the stimulus itself (Beck Lidén et al., 2016). Conse-
quently, we hypothesized that the two different percepts in our study are similar-
ly associated with activity in the named brain areas. Furthermore, as a misper-
ception is connected to a change in the perceived semantic meaning of a lyric, 
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we expected a partial overlap in activity within areas related to the knowledge of 
lyrics (fMRI experiment 1). 
Returning to the example from the beginning, assuming you really just heard 
Michael Jackson singing in German – would it not be interesting to know more 
about how this happened? Spanning the descriptions of the subjective nature of 
phenomenal awareness of the Gestaltists (Wagemans et al., 2012) to modern 
fMRI, our study, which forms the second part of this thesis, aimed to examine 
the neuronal underpinnings of the knowledge of lyrics and the network underly-
ing auditory misperceptions. 
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2 Results 
2.1 Mondegreens and Soramimi as a Method to Induce 
Misperceptions of Speech Content – Influence of 
Familiarity, Wittiness and Language Competence 
The first part of the results is formed by the printout of an article by Beck, 
Kardatzki and Ethofer which was published in the online journal PloS one in 
2014. The following is the detailed bibliographic data of the publication: 
Beck, C., Kardatzki, B., & Ethofer, T. (2014). Mondegreens and 
Soramimi as a method to induce misperceptions of speech content 
– influence of familiarity, wittiness, and language competence. 
PloS One, 9(1), e84667. http://doi.org/10.1371/journal.pone.0084 
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2.2 Neurobiology of knowledge and misperception of lyrics 
The second part of the results is formed by the printout of an article by Beck 
Lidén, Krüger, Schwarz, Erb, Kardatzki, Scheffler and Ethofer which was pub-
lished in the journal NeuroImage in 2016. The following is the detailed biblio-
graphic data of the publication: 
Beck Lidén, C., Krüger, O., Schwarz, L., Erb, M., Kardatzki, B., 
Scheffler, K., & Ethofer, T. (2016). Neurobiology of knowledge and 
misperception of lyrics. NeuroImage, 134, 12–21. 
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3 Discussion 
3.1 A new method for inducing concurring auditory perception 
Within the visual domain there exists a long-standing tradition of using ambigu-
ous stimuli material such as Ruben’s face-vase illusion. It also has been used 
for knowing more about the cerebral processing involved in these concurring 
percepts (e.g. Andrews et al. 2002; Hasson et al. 2001). Ambiguous percepts 
provide elegant means of examining top-down processes without touching the 
stimulus material, as the process takes place in the mind of the participant. 
However, the visual approach implies several methodological difficulties as un-
intended rapid switches of perception, which make further modification of the 
stimuli, e.g. embossing, necessary (Andrews et al. 2002). By using auditive 
stimuli material, these obstacles can be bypassed. In literature, there was no 
evidence found for a previous study using Mondegreens/Soramimi for inducing 
auditory misperceptions. The behavioral study was designed as pre-study for 
the subsequent fMRI study. We were aiming to know more about the influence 
factors and gain a valid set of stimuli material. For this purpose, our trial partici-
pants listened to 61 song cutouts which were subtitled with an alternative lyric. 
In a final run without visual subtitles, the participants rated the strength of the 
experienced misperception. 
3.1.1 Misperception of lyrics 
We succeeded in altering perception in 42,6% (within language), and 33,5% 
(across language) of the trials (Beck et al., 2014). A later selection would be 
necessary to aim to reach an optimal 50 % induction, so the selection could be 
used in a classical 2x2 factorial design in a neuroimaging study. There were 20 
German (for inducing within language misperception) and 41 English (for induc-
ing across language misperception) song cutouts used, so they were not equal-
ly presented, which might be a weakness comparing the results. In a further 
study the amount of German and English cutouts should be equal. There was 
also a large variability in the induced misperception concerning stimuli material 
and participants. One can also criticize that 60 song cutouts are too many and 
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participants get tired and thus have no optimal surroundings for learning and 
remembering. The stimulus material should be selected to achieve a more bal-
anced, homogenous standard. 
3.1.2 Familiarity with the lyrics 
We examined several potential influence factors of the strength of mispercep-
tions as the familiarity with the music. According to Pereira et al. (2011), famili-
arity has a strong impact on music’s neural processing and appears to be an 
essential factor in making the listener emotionally engaged with music. On the 
basis of our data, we can report a close to zero correlation between the familiar-
ity with the stimulus and the occurrence of a misperception and thus, there 
seem to be no potential biases of song familiarity expected in further studies 
(Beck et al., 2014). 
3.1.3 Prior knowledge of alternative lyrics 
By contrast, prior knowledge of possible alternate lyrics profoundly influenced 
the outcome of misperceptions (Beck et al., 2014). This is in line with reports 
from many of our trial participants stating that once induced, misperceptions can 
be persistent over time and can occur whenever the concerned piece of music 
is heard. It is also in line with findings from the visual domain where prior 
knowledge has massive influence on perception, as above described with Dolan 
et al.´s impoverished banana (1997). Hence, for neuroimaging studies depend-
ent on a “before versus after induction” design, it would be favorable to know 
the participants’ familiarity with possible alternate lyrics beforehand. Interesting-
ly, prior knowledge of alternate lyrics did not across-the-board destine a person 
for misperception – although there are interindividual differences, our results 
suggest that the induction of misperceptions is not a pure individual phenome-
non. Remembering that it was easier for the participants to misperceive within 
(German) than across (English) language, one could wonder if the prior 
knowledge explained the difference in frequency. This was not the case, as the 
participants knew more English than German misperceptions beforehand. 
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3.1.4 Wittiness of alternative lyrics 
We found a significant correlation of the rated wittiness of the alternative lyrics 
with the intensity of misperceptions (Beck et al., 2014). It is well established, 
that stimuli of affective value have special impact. According to Anderson 
(2005), the emotional significance enhances the allocation of attentional re-
sources. Emotion alters encoding (Schmitz, De Rosa & Anderson, 2009), forti-
fies perceptual vividness (Todd et al. 2012) and influences the long term 
memory (Cahill and McGaugh 1995). Related effects have been shown for mu-
sical stimuli. Listeners can not only recognize and perceive emotions in music, 
they also response to the music with the experience of emotions (Swaminathan 
and Schellenberg, 2015). Specific pieces of music can even evoke strong emo-
tions and, maybe together with these emotions, the music can be remembered 
even years later (Eschrich, Münte & Altenmüller 2008). The aforementioned 
authors (2008) demonstrated that very positively rated musical excerpts were 
remembered better, and it has also been shown that listeners like music they 
remember and remember music they like (Stalinski & Schellenberg 2013). Addi-
tionally Aubé et al. (2013) demonstrated that emotional expressions transported 
by music, as well as faces and vocalizations, can influence memory. Conse-
quently, we predicted that the occurrence of misperceptions is affected by emo-
tion; more precisely, by humor appreciation which is the “affective experience of 
mirth” (Moran et al. 2004). In fact, the rated wittiness of the alternate lyrics is 
significantly correlated with the intensity of misperceptions. This agrees with 
findings from the visual domain, where solving visual ambiguities creates pleas-
ant feelings just as solving a problem does (Ramachandran and Rogers-
Ramachandran, 2007). In the words of the authors, “such paradoxical figures 
evoke wonder, delight and frustration at the same time—a microcosm of life 
itself” (q.v. 2007). Our findings confirm once more the importance of affective 
modulation in perceptual processes. Thus, further studies relating to perceptual 
phenomena should cover wittiness ratings for further investigation of the neu-
ronal correlates underlying their modulation (Beck et al., 2014). 
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3.1.5 Linguistic competence 
Ratings of misperceptions in within language trials correlated significantly with 
verbal intelligence in German (Beck et al., 2014). In other words: the larger the 
vocabulary of the participant, the easier it was to misperceive. This finding was 
in line with our hypothesis. Zareva (2007) did studies on the mental lexicon 
working with word association tests with native, advanced and intermediate 
speakers. He concludes that “the larger the vocabulary, the better connected it 
should be expected to be, especially in terms of number and variety of connec-
tions”. Our findings can be interpreted along similar lines: the larger the vocabu-
lary, the easier it is for the participant to find another connection or word associ-
ation than the original one. Also the across-language findings indicate similar 
results: there is a positive correlation between language competence in English 
and ratings of misperception, although these findings failed to reach signifi-
cance (Beck et al., 2014) and thus should be interpreted with caution. It seems 
to contradict our a priori hypothesis that high language competence in English 
would be a protective factor against misperceptions. It also seems to contradict 
the proposition that mishearings are only driven by the listener´s inadequate 
language competence as proposed by Meyer and Ptok (2011) (Beck et al., 
2014). The rate of misperceptions was higher within than across language. In 
other words, it was easier to misperceive from German to German, which could 
not be explained with prior knowledge (see above) nor with the plain wittiness 
ratings, as the participants rated the English misperceptions slightly funnier than 
the German ones. One possible interpretation might be that a German native 
speaker does naturally have a higher language competence and a larger mental 
lexicon in his native language and thus have more creative possibilities to 
choose from. The mishearings themselves were all in German, but perhaps the 
participants had better direct access to the native mental lexicon when listening 
to a German lyric instead of an English one. Yet another conclusion could be, 
that it was simply easier for a German speaker to remember the German alter-
nate lyrics presented to them. More studies are needed to see if the results are 
reproducible. 
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3.2 Neurobiology of knowledge and misperception of lyrics 
With the gained data out of the behavioral study, we were able to construct a 
balanced stimulus set. The 61 song cutouts (41 English and 20 German ones) 
were reduced to 36 song cut-outs (18 English and 18 German ones) usable in a 
2x2 factorial design. That means, “before- versus after-induction” of the 
(mis)perception and “original versus alternative perception” can be examined 
within further neuroimaging studies. 
In other words, a method for inducing misperceptions in a sufficiently predicta-
ble way was established and can be used within an fMRI study. We centered on 
finding out more about the neural correlates involved in knowledge and misper-
ception of lyrics. 
According to our hypothesis we found a linear relationship between brain activa-
tion and lyric-familiarity within the left hemispheric speech related areas, indicat-
ing them as important networks for the knowledge of lyrics (Beck Lidén et al., 
2016). Whereas the misperception of lyrics showed activation in symmetrical 
areas in both hemispheres involving mSTS (middle superior temporal sulcus), 
MGB (medial geniculate body), IFG (inferior frontal gyrus), mdTh (medial dorsal 
thalamic nuclei) and SMA/dACC (supplemental motor area/dorsal anterior cin-
gulate cortex) (Beck Lidén et al., 2016). 
3.2.1 Neurobiology of knowledge of lyrics 
There exist a number of neuropsychological and neuroimaging studies that in-
vestigated song processing. A “song system of the human brain” was proposed 
by Brown (2004) and a bihemispheric network is suggested for vocal production 
– interestingly without difference whether words are spoken or intoned (Özdemir 
et al., 2006). Linked to song familiarity, there are the findings of a study with a 
patient with severe expressive aphasia with an almost complete lesion of the 
left hemisphere, showing that the patient had a better word production in sing-
ing than in speaking, but only when dealing with familiar lyrics (Straube et al., 
2008). 
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However, these studies investigated the production of songs rather than song 
perception. There exist several studies concerned with music perception and its 
general effects on brain activity. Comparisons between song and speech re-
vealed that they have many features in common and in their perception cardi-
nally similar brain regions are involved (Merrill et al., 2012). Brattico and 
collegues (2011) worked on musical emotions and used music with and without 
lyrics. Herholz et al. (2012) investigated the neuronal underpinnings of recogniz-
ing and encoding of heard and imagined music, and Sammler et al. (2010) elu-
cidated the processing of lyrics and tunes of unfamiliar songs. 
However, our study is the first study that examines the influence of lyric familiar-
ity on the processing of music. There is a linear relationship between the indi-
vidual ratings of familiarity and brain activity in mostly left hemispheric areas of 
the speech processing network (Hickok and Poeppel, 2000; 2007; Hickok, 
2012). The activated areas include lateral and medial parts of the left frontal 
lobe and the Sylvian parietal temporal area (Beck Lidén et al., 2016) whose role 
in speech and vocal imagery has been largely documented. More specific, in 
line findings are connected to auditory retrieval, rehearsal and the imagery of 
vocals (Buchsbaum et al., 2005; Hickok et al., 2003) as well as covert humming 
(Pa and Hickok, 2008) and covert singing (internal rehearsal of tones) (Koelsch 
et al., 2009). 
Moreover, activation patterns within the right superior cerebellum are in accord-
ance with subcortico-cortical frameworks on speech perception (Kotz and 
Schwartze, 2010) as well as Price´s meta-analysis on word retrieval (Price, 
2012). Very similar activation patterns as in our parametric approach were re-
vealed in a categorical comparison between familiar and unfamiliar song ex-
cerpts (Janata, 2009). In addition, our findings saliently equal fMRI activations 
produced during spontaneous lyrical improvisation while practising freestyle rap 
(Beck Lidén et al., 2016; Liu et al., 2012). This points to the interpretation that 
the generation of lyrics during the creative process of freestyle rapping uses 
neural networks similar to those involved in the retrieval of lyrics, itself an im-
portant component to the process of recognising familiar lyrics. 
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Furthermore, earlier neuroimaging findings connected to the familiarity with 
song excerpts (Pereira et al., 2011) and instrumental music (Trost et al., 2012) 
were replicated with the midbrain and bilateral striatal activations found in lyric-
familiarity (Beck Lidén et al., 2016). Interestingly, there is a clear discrepancy 
between our lyric-familiarity activated regions and those regions involved in ad-
aptation designs where the same stimulus is repeatedly offered (Sammler et al., 
2010). This could indicate that short-term adaptation processes recruit other 
neural networks than those involved with long-term effects such as lyric familiar-
ity. (Beck Lidén et al., 2016). 
As early as 1903 Meyer proposed a positive effect of familiarity on aesthetic 
judgment of music. In other words, mere repeated exposure towards a stimulus 
enhances an individual’s attitude towards it (Zajonc, 1968). This effect is re-
ferred to as mere exposure effect and the relation between frequency and effect 
has been verified in many later studies (Peretz et al., 1998). Consistent neu-
roimaging findings for this effect in music listening were found and titled with 
“Listen! Learn! Like!” (Green et al., 2012). The effect has also been proven in 
motor familiarity framed in a study about dancing moves (Kirsch et al., 2015). 
Consequently, it appears plausible to propose that the familiarity with a stimulus 
recruits parts of the reward system during the different aspects of perceiving 
music (Beck Lidén et al., 2016). That can also explain why – besides the com-
mon aspect in the reward linked ventral striatum – the evaluation of familiarity is 
connected to specific tasks due to the nature of the stimulus. That is to say, 
there is activity during perceiving music in the anterior temporal cortex (Trost 
et al., 2012), during the evaluation of dancing moves in the motion linked cortex 
in the STS (Kirsch et al., 2015) and in the presented study the speech-related 
left hemispheric regions in the temporal and frontal lobe (Beck Lidén et al., 
2016). 
3.2.2 Neurobiology of misperception of lyrics 
In the behavioral pre-study (for launching the new method) the rate of induced 
misperceptions was, as described earlier, at 34% for across language misper-
ception (Soramimi) and 43% for within language misperceptions 
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(Mondegreens). As already described, the stimulus set was hand-selected from 
61 to 36 song excerpts. In the fMRI-study, participants stated misperceptions in 
41% of the across language and in 34% of the within language misperceptions. 
The most preferable induction rate of 50% was missed, but misperceptions can 
be induced in a sufficient way with the method. The difference between the 
studies regarding the misperception rates of Soramimi and Mondegreens can 
possibly be explained by the selection process of the stimuli material. The song 
excerpts for the Soramimi got selected from 41 down to 18 song excerpts and 
thus consisted of the funnier and consequently better working excerpts. That 
can explain the improvement of their misperception rate from 34% during the 
behavioral study to 41% during the fMRI study. The decline of the Mondegreen-
misperception rate (43% to 34%) can be explained analogously: 18 out of 20 
song excerpts got selected and one of the removed excerpts was very strong in 
misperception and wittiness. It got removed nevertheless for achieving a bal-
anced set and can thus explain the decline. 
In those trials with occurred misperceptions, the aim was to demonstrate which 
brain regions present differential activations. As a misperception implies a modi-
fication of speech-related information, an activation change within the compo-
nents of the regular speech perception network seems plausible. The aim is not 
to identify a specific misperception network. A brain network which is specifical-
ly recruited for misperceptions does not appear biologically plausible as it would 
offer no advantage from an evolutionary perspective. 
Differences in activation were detected in a mostly symmetrical network of tem-
poral and frontal regions. This is in line with the dual-stream model of speech 
processing (Hickok and Poeppel, 2000; 2007; Hickok, 2012). More precisely, it 
is linked with the bilateral ventral stream associated with processing sound to 
meaning, in contrast to the left-lateralised dorsal stream where sound to action 
gets mapped. This was even emphasized when those trials with already earlier 
known misperceptions were excluded. It is thinkable, that those earlier known 
Mondegreens/Soramimi evoke less activation changes than the freshly induced 
ones, maybe due to habitation effects. In the presented study, this effect could 
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not be further investigated systematically, as it only happened in a small num-
ber of trials and was unevenly spread over the participants. 
Closer analysis of the temporal cortex revealed that secondary auditory regions 
along the mSTS showed more activation during misperceptions. This is in line 
with earlier fMRI results connected with processing and integration of lyrics and 
tunes of unfamiliar songs (Sammler et al., 2010) as well as the perceptual inter-
pretation of ambiguous sounds (Kilian-Hutten et al., 2011). In the latter study, 
the purely subjective interpretation of an ambiguous sound can be decoded 
from the fMRI-measured activation patterns in the auditory areas of the superior 
temporal cortex. The present findings are also accordant with fMRI-findings 
from auditory perceptual grouping phenomena such as the continuity illusion 
(Heinrich et al., 2008; 2011). As early as 1950, Miller and Licklider discovered 
that discontinuous auditory signals may be perceived as continuous if the tem-
poral gaps are filled with noise. This effect is called continuity illusion, temporal 
induction or phonemic restoration (Warren, 1970; Husain et al., 2005). The au-
ditory system fills in the missing/blocked out parts for inducing continuity 
(Bidelman & Patro, 2016). 
These earlier findings are mostly based on syllables or vowels as stimulus ma-
terial. The present findings extend these simple sounds to the more complex 
stimulus material of misperceived lyrics and thus propose a more universal 
function of the mSTS in the processing of ambiguous auditory perceptions 
(Beck Lidén et al., 2016). This is accordant with clinical findings where damage 
in the middle temporal gyrus show auditory illusions and hallucinations (Wong 
et al., 2011). 
In addition, activation patterns connected to misperception of lyrics include bi-
lateral IFG, partly engaging Broca’s area and its homologue on the right hemi-
sphere (Beck Lidén et al., 2016). The left sided results may be explained by the 
widely known function of Broca’s area within semantic processing (Bookheimer, 
2002) and interleave with the activations found connected to the knowledge of 
lyrics, as described above. Activations on the right hemisphere have been 
shown earlier in the processing of pitch information, though there is evidence 
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that the processing of pitch gets left-lateralized when pitch patterns are phoneti-
cally significant to the listener, as it is in tonal languages as Mandarin (Zatorre & 
Gandour, 2008). During the processing of pitch using the “octave illusion” as 
auditory ambiguous stimulus material, activation of the right IFG was found 
(Brancucci et al., 2011). Merrill (2012) studied on the differences of speech and 
song and found involvement of the right IFG in melody processing as well as 
Wildgruber (2005) linked the comprehension of emotional intonation (affective 
prosody) to a distinct network on the right hemisphere. The found bilateral acti-
vation of the IFG can indicate that the new semantic context of the misper-
ceived lyric has to be integrated within the original melody and rhythm (Beck 
Lidén et al., 2016). This is in keeping with prior results showing widespread in-
teractions during the musical as well as phonological processing of sung words 
within these bilateral areas (Schön et al., 2010). 
Furthermore, the increase in activation of the SMA/dACC during misperception 
is accordant with the prior known role of that region as an “error detection and 
correction device” (Bush et al., 2002). This region is also named within studies 
about the processing of music in simple singing (Perry et al., 1999) as well as 
musical imagery (Halpern, 2001; Herholz et al., 2012). Anterior cingulate areas 
are also shown to be part of involuntary musical imagery (“earworms” aka song 
excerpts looping in your mind) (Farrugia et al., 2015). Areas including the SMA 
showed activation in a study associated with internal timekeeping (temporal im-
agery) (Schaefer, 2014). Activation in this area might point to the necessity of 
embedding the alternative lyric into the temporal pattern of the instrumental mu-
sic (Beck Lidén et al., 2016). The found activation also correlates with how fun-
ny the participants rated the alterative lyrics (Beck Lidén et al., 2016). This is in 
keeping with prior findings, where sorting out visual ambiguities creates pleas-
ant feelings analogue to problem-solving (Ramachandran & Rogers-
Ramachandran, 2007) and concurs with Helmholtz´ long standing theory that 
perception is similar to the process of solving problems (von Helmholtz, 1867). 
Furthermore, activation patterns are also solidifying prior research on this region 
linked to the highly pleasurable sensation of “chills” while perceiving music 
(Blood & Zatorre, 2001). 
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Lastly, differences in activation during misperception were also found in subcor-
tical regions enclosing the mdTh and the MGB (Beck Lidén et al., 2016). The 
latter is part of the auditory thalamic nucleus (Møller, 2011) and not only a pure 
relay, but active modifying factor (“like a funhouse mirror”) in the auditory path-
way between cochlea and cortex (Bartlett, 2013). Damage to this area can cre-
ate auditory illusions as hyperacusis (sensibility to sounds) and palinacousis (a 
sort of auditory perseveration) (Fukutake & Hattori, 1998). The stronger reaction 
of the MGB during misperceptions might mirror modulatory auditory feedback 
coming via reciprocal connections (Pickles & O., 2015). 
The mdTh works as a thalamic relay of higher order contributing to learning and 
decision-making as reviewed by Mitchell (2015). If damaged, thalamic amnesia 
(Mair et al., 2015), deficits in processing new information (Mitchell & 
Chakraborty, 2013) and language disturbances (Radanovic & Scaff, 2003; for a 
review, see Barbas et al., 2013). Thus, the region might be involved in the ac-
quisition of new auditory information and might serve as a hub for connections 
with the prefrontal cortex (Beck Lidén et al., 2016). 
3.2.3 Limitations 
The findings have to be discussed considering the limitations of the used re-
sponse-related fMRI models: For avoiding inducing mere exposure effects 
(Peretz et al., 1998) as mentioned above, the participants rated the familiarity 
during the first exposure with the stimulus in the scanner. This has the disad-
vantage that the patient could have gotten a certain reward out of demonstrat-
ing the knowledge of lyrics towards the experimenters and this could offer an 
alternative explication for the activation patterns within the reward system. Fur-
ther neuroimaging experiments should take this into account by acquiring the 
familiarity ratings outside the scanner to avoid this effect (Beck Lidén et al., 
2016). Furthermore, the participants were given explicit instruction to estimate 
their familiarity with the offered lyrics and not, for example, their familiarity with 
the music or other factors of the song excerpts. The activation pattern of lyric 
familiarity was strikingly similar to the generation of lyrics (during freestyle rap-
ping) (Liu et al., 2012). This emphasizes the point, that it was the familiarity with 
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the lyrics being rated by the participants. However, for fully detangling the rela-
tionship between the lyric familiarity versus the familiarity with the musical struc-
ture, an orthogonal set of stimuli is needed where the participant is familiar with 
the lyrics, but not the musical structure, and the other way round (Beck Lidén 
et al., 2016). Designing and obtaining such a stimulus set might be challenging 
due to strong variability between the participants. 
Concerning the misperceptions, within- (Mondegreens) as well as across-
language (Soramimi) misperceptions were induced. Analyses could not show 
any significant differences in activation between these stimulus types. This neg-
ative finding implies that similar neural networks are used regardless of whether 
language switch occurs or not. However, smaller differences in activation might 
be detected in future research, for example in models using more stimuli. 
It also has to be noted that the used method for externally inducing mispercep-
tions is based on expectation-related alterations of perception. One might argue 
that this is not fully comparable with spontaneous misperceptions, but even 
those are often analogically created by expectations, though those are internally 
(and not externally) generated. 
3.3 Conclusions 
In the presented studies, a novel method to externally induce auditory misper-
ceptions based on ambiguous song excerpts (Mondegreens/Soramimi) was 
introduced. Lyrics within these song excerpts were used, because they offer as 
stimuli the right factors for promoting misperceptions: unusual (sung) pronuncia-
tion plus for a correct understanding unfavourable additional acoustic signals 
(background music). The natural potential for misperceptions of the used song 
excerpts enabled investigating top-down phenomena without changing any bot-
tom-up parameters as the physical properties of the stimuli. 
Misperceptions occurred with a sufficient probability. The familiarity of the song 
is irrelevant, which is a benefit in future studies, as the participant´s knowledge 
of the song/music is not relevant. The prior knowledge of alternative lyrics has, 
on the contrary, a strong influence. It would be interesting to further investigate 
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the effects and dynamics of Mondegreens/Soramimi in relation to time. For ex-
ample, the participants out of this study could participate at a follow-up study 
creating a pool with individuals who learned the misperceptions more or less 
around the same time compared to naïve participants and also compared to 
obtained data of the presented studies. That would give more sound insight of 
the effect reported by several participants and even testing personnel that the 
misperceptions seem to stick in mind. 
Verbal fluency increased the strength of misperception suggesting that the size 
of vocabulary serves as a source for possible interpretations (Beck et al., 2014). 
Wittiness of the misperceived song excerpts also increased the strength of mis-
perceptions. This indicates that the alternative percept was experienced as 
pleasant and resolving the offered ambiguity is connected with a joyful feeling 
(Beck et al., 2014). This stands in accordance with Helmholtz´s theories (1867) 
suggesting that perception is based on comparable processes as intellectual 
problem solving. 
The method came to use within an fMRI study. The familiarity of lyrics was con-
nected with activation in reward-associated regions and left-hemispheric speech 
areas. Thinking about the example from the introduction with Michael Jackson, 
which you might have heard singing, we know now which parts of the brain get 
active when you hear him mistakenly singing in German. The misperception of 
lyrics revealed a symmetric network over both hemispheres in frontotemporal 
cortex and thalamus (Beck Lidén et al., 2016). These findings provide for the 
first time a better understanding of the neural substrates underlying mispercep-
tion of lyrics which arise in the ventral stream (sound to meaning) of the com-
mon speech perception network. 
Misperceptions of song lyrics are harmless and can even be a source of 
amusement, but the results out of these studies can serve as a neurobiological 
model for other types of misunderstandings, which can represent events with 
potentially strong impact on human social life. 
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4 Summary 
Expectations and previous knowledge can severely influence our perception. 
This so called top-down modulation in the processing of perception has been 
largely investigated in the visual modality, using ambiguous stimuli material 
such as reversible figures. We launch a novel method to study this issue in the 
auditory field. The method is based on Mondegreens and Soramimi: song lyrics 
which can be misperceived within one language or through switching between 
two languages. We proved through a behavioral experiment that misperceptions 
can be externally induced by visual presentation of the alternate percept as sub-
titles. Misperceptions appear with a sufficient probability for further use in neu-
roscientific experiments. The method comes into effect in a subsequent study 
including two functional magnetic resonance imaging (fMRI) experiments to 
fathom the neural correlates of knowledge and misperception of lyrics. 
The familiarity of the song is irrelevant, but the prior knowledge of alternative 
lyrics has a strong influence on the strength of misperception. Verbal fluency, 
seen as source for possible interpretations, as well as wittiness of the alternate 
perception increased the strength of misperception. This is in accordance with 
Hermann von Helmholtz´s theories that perception is based on comparable pro-
cesses as problem solving. 
The first fMRI experiment revealed a linear correlation between familiarity of 
lyrics and activation in left-hemispheric speech-associated as well as bilateral 
striatal regions which is accordant with prior research on lyric-generation. The 
second fMRI experiment elucidated a bilateral network connected to the mis-
perception of lyrics. This network included middle temporal and inferior frontal 
regions as well as anterior cingulate cortex (ACC) and medio-dorsal thalamus 
Activation in the ACC is also related to how amusing participants rated the mis-
perceptions. This is solidifying prior research on this region linked to the pleas-
urable sensation of chills while listening to music. 
Misperceptions of song lyrics are mostly harmless, but our results could serve 
as a more general neurobiological model for additional studies on other types of 
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misunderstandings which can present events with potentially powerful impact 
on our social life (Beck et al., 2014; Beck Lidén et al., 2016). 
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5 Deutsche Zusammenfassung (German Summary) 
Erwartungen und vorheriges Wissen können unsere Wahrnehmung beeinflus-
sen. Diese so genannte top-down Modulation in der Verarbeitung von Wahr-
nehmung wurde im visuellen Bereich, besonders unter Zuhilfenahme von zwei-
deutigem Stimulusmaterial wie etwa Kippfiguren, ausgiebig untersucht. Wir lan-
cierten eine neue Methode, um diese Thematik im auditiven Bereich zu be-
leuchten. Die Methode basierte auf so genannten Mondegreens und Soramimi. 
Das sind Liedtexte, die innerhalb einer Sprache oder bei Wechsel in eine ande-
re Sprache, missverstanden werden können. Durch ein Verhaltensexperiment 
wurde gezeigt, dass Fehlwahrnehmungen („Verhörer“) von außen erzeugt wer-
den können. Dazu wurden den Probanden die Verhörer mit Hilfe von Untertiteln 
zeitgleich zum gehörten Lied visuell präsentiert. Fehlwahrnehmungen traten mit 
einer ausreichenden Wahrscheinlichkeit auf, um in weiteren neurowissenschaft-
lichen Experimenten zur Anwendung zu kommen. Auf der ersten Studie basier-
te eine Folgestudie, die zwei fMRI (funktionelle Kernspintomographie) Experi-
mente beinhaltete. Die Folgestudie ergründete die neuronalen Korrelate von 
Kenntnis und Fehlwahrnehmung von Liedtexten. 
Die Bekanntheit des Liedes war nicht von Bedeutung, doch die vorherige 
Kenntnis des alternativen Liedtextes (Verhöres) hatte einen ausgeprägten Ein-
fluss auf die Stärke der Fehlwahrnehmung. Verbale Sprachkompetenz – als 
Quelle für mögliche alternative Interpretationen angesehen – genauso wie die 
Witzigkeit des Verhörers, steigerte die Stärke der Fehlwahrnehmung. Dies 
stimmt überein mit den Theorien von Hermann von Helmholtz, wonach Wahr-
nehmung auf vergleichbaren Prozessen basiert wie das Lösen von Problemen. 
Das erste fMRI Experiment ergab eine lineare Korrelation zwischen der Be-
kanntheit der Lieder und der Aktivierung in linkshemisphärischen sprachassozi-
ierten und beidseitigen striatalen Arealen. Dies deckt sich mit früherer For-
schung zum Thema Erzeugung von Liedtexten. Das zweite fMRI Experiment 
zur Fehlwahrnehmung von Liedtexte zeigte eine beidseitige Aktivierung von 
Gehirnarealen in Form eines Netzwerkes. Dieses beinhaltete mittlere temporale 
und inferiore frontale Arealen, genauso wie den anterioren cingulären Cortex 
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(ACC) und den medio-dorsalen Thalamus. Die Aktivierung im ACC erfolgte 
auch in Relation dazu, wie unterhaltsam die Probanden einen Verhörer bewer-
tet hatten. Das bestätigte frühere Forschungsarbeiten zu diesem Areal, das 
ebenfalls aktiviert wurde, wenn beim Musikhören angenehme Empfindungen 
(„wohlige Schauer“) erlebt werden. 
Während das Verhören von Liedtexten zumeist harmlos ist, können Missver-
ständnisse Ereignisse darstellen, die einen entscheidenden Einfluss auf unser 
soziales Leben haben. Mit Hilfe von Verhörern in Liedtexten und unseren Er-
gebnissen konnte ein allgemeineres, neurobiologisches Modell geschaffen wer-
den für künftige Studien zur Erforschung von Missverständnissen (Beck et al., 
2014; Beck Lidén et al., 2016). 
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6 Svensk sammanfattning (Swedish summary) 
Förväntningar och tidigare kunskaper kan påtaglig påverka vår perception. 
Denna så kallade top-down (uppifrån och ned) moduleringen i bearbetningen av 
perceptioner har tidigare huvudsakligen undersökts inom det visuella området 
med hjälp av tvetydigt stimuli material så som ”dubbeltydiga bilder”. Vi presente-
rar en ny metod för att studera detta inom hörselområdet. Denna metod baserar 
sig på Mondegreens och Soramimi vilket är sångtexter som kan missuppfattas 
inom samma språk eller förväxlas mellan två språk. Vi bevisade genom en be-
teendestudie att missuppfattningar kan utlösas utifrån genom visuell presentat-
ion av alternativa uppfattningar i form av undertexter. 
Missuppfattningar uppkommer med tillräcklig statistisk sannolikhet för att kunna 
använda detta i ytterligare neurovetenskapliga experiment. Metoden används i 
en efterföljande studie med två experiment med funktionell magnetkameraun-
dersökning (fMR) för att förstå de neurala korrelaten till kunskap om och miss-
uppfattningar i sångtexter. 
Hur förtrogen man är med en sång är irrelevant, men tidigare kunskap om den 
alternativa texten har en stark påverkan på styrkan av missuppfattningen. Ver-
bal språkkompetens – en möjlig källa till alternativa intryck – liksom vitsigheten 
av en alternativ uppfattning ökar styrkan av missuppfattningen. Detta stämmer 
väl med Hermann von Helmholtz teorier att perceptionen är baserad på proces-
ser som är jämförbara med problemlösning. 
Det första fMR-experimentet avslöjade en linjär korrelation mellan förtrogenhet-
en av sångtexten och aktivering av vänstra hjärnhalvans språkrelaterade om-
råde liksom bilaterala striatala regioner. Detta överensstämmer med tidigare 
forskning kring aktiv produktion av sångtexter. Det andra fMR-experimentet 
upptäckte ett bilateralt nätverk som är associerat med missuppfattning av sång-
texter. Nätverket inkluderade mitt-temporala och inferiort frontala regioner samt 
anteriora cingulära kortex (ACC) och medio-dorsala thalamus. Aktivering i ACC 
var också relaterad med hur roligt den medverkande skattade missuppfattning-
en. Detta konsoliderar tidigare forskning om att denna region är associerad med 
rysningar under det att man lyssnar på musik. 
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Missuppfattningar av sångtexter är huvudsakligen harmlöst, men våra resultat 
kan användas som en mer generell neurobiologisk modell för andra studier 
kring missuppfattningar vilket kan ha potentiell kraftig påverkan på vårt sociala 
liv (Beck et al., 2014; Beck Lidén et al., 2016). 
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9 Abbreviations 
ACC Anterior cingulate cortex 
BOLD Blood oxygenation level-dependent 
fMRI Functional magnetic resonance imaging 
IFG Inferior frontal gyrus 
mdTh Medial dorsal thalamic nuclei 
MGB Medial geniculate body 
MPFC Medial prefrontal cortex 
mSTS Middle superior temporal sulcus 
PET Positron emission tomography 
RF Radio frequency 
SMA/dACC Supplemental motor area/dorsal anterior cingulate cortex 
STG Superior temporal gyrus 
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